The associations between a polymorphism of the serotonin transporter gene (5-HTTLPR), dental mercury exposure, and self-reported symptoms were evaluated among 157 male dentists and 84 female dental assistants. Self-reported symptoms and detailed work histories were obtained by computerized questionnaire. Spot urine samples were collected and analyzed for mercury concentrations to evaluate recent exposures, whereas a chronic mercury exposure index was created from the work histories. 5-HTTLPR polymorphism status was determined using a polymerase chain reaction (PCR)-based assay. Scores for current, recent, and chronic self-reported symptom groups were evaluated with respect to recent and chronic mercury exposure and 5-HTTLPR polymorphism status. Multiple regression analysis controlled for age, socioeconomic status, tobacco and alcohol use, self-reported health problems, and medications. Analyses were restricted to Caucasian subjects due to the highly skewed distribution of the 5-HTTLPR polymorphism. Separate evaluations were conducted for dentists and dental assistants. In contrast to previous reports, no consistent associations were found between either urinary mercury concentration or the chronic index of mercury exposure and any category of symptoms. However, both significant and consistent associations were observed between increased symptoms and the 5-HTTLPR polymorphism involving two copies of the short or "s" allele (full mutation), but not with the polymorphism involving only one copy (heterozygous), demonstrating a gene-dose relationship for symptom reporting. These findings suggest that within this restricted population increased symptoms of depression, anxiety, and memory are associated with the 5-HTTLPR polymorphism among both males and females.
and dental assistants expressing polymorphisms of genes encoding the heme biosynthetic pathway enzyme, coproporphyrinogen oxidase (CPOX) , and brain derived neurotrophic factor (BDNF) (Heyer et al., 2004; Echeverria et al., 2005) . The polymorphism in exon 4 of the CPOX gene (CPOX4) exacerbates an abnormal urinary porphyrin excretion pattern associated with mercury exposure , whereas the BDNF polymorphism has been linked with abnormal hippocampal activation and reduced performance on measures of memory Hariri et al., 2003; Marx, 2003) . Our studies showed independent and additive joint effects for these two polymorphisms and Hg 0 on a range of neurobehavioral functions in humans (Echeverria et al., 1995 Heyer et al., 2004) .
Another variant of interest with respect to potentially modifying the neurobehavioral consequences of Hg 0 exposure in humans is a functional insertion/deletion polymorphism (5-HTTLPR) in the promoter region of the serotonin transporter (SLC6A4) gene. The 5-HTTLPR polymorphism is located on chromosome 17q11, and this region of the gene has the potential to regulate the level of the functional serotonin transporter (Lesch et al., 1996 (Lesch et al., , 1999 . Of the two primary alleles, a long or "l" allele has 16 repetitive sequences in the 5-HTTLPR, while the short or "s" allele has only 14 repetitions. In cells homozygous for the "l" allele (wild-type), serotonin uptake was found to be more than twofold higher compared to cells with one (heterozygous) or two (full mutant) copies of the short or "s" allele (Lesch et al., 1996) . Studies implicated the "s" polymorphism with anxiety (Lesch et al., 1996; Murakami et al., 1999; Katsuragi et al., 1999; Schinka et al., 2004; Munafo et al., 2005) , depressive symptoms (Osher et al., 2000; Hoefgen et al., 2005) , neuroticism (Greenberg et al., 2000; Sen et al., 2004; Du et al., 2000) , affective disorders (Hauser et al., 2003; Lasky-Su et al., 2005) , and suicidal behavior (Li and He, 2007) in human subjects. The aim of this study was to examine the effects of the 5-HTTLPR polymorphism on the neurobehavioral consequences of low-level occupational Hg 0 exposure in the same dental professional population with specific attention to a standardized list of self-reported symptoms.
Materials and Methods

The Study Population
Dentists were identified from the registry of the Washington State Dental Association, and our initial contact included a short eligibility questionnaire and a request for a spot urine sample. Among the 1488 respondents who met our study criteria, mean urinary mercury concentrations (HgU) were 2.5 μg/L (range 0-67). A random stratified (based upon HgU concentrations) sample of 261 dentists (all male) was contacted, and 193 dentists (74%) with sufficient information for inclusion in our initial analyses were recruited into the present study. The methods of recruitment and eligibility criteria of the study population were previously described (Heyer et al., 2004; Woods et al., 2005) .
Dental assistants (all females) were recruited independently from the practices of participating dentists to provide a similar range of dental office Hg 0 exposures. Four hundred potential dental assistant subjects were contacted, and 230 (58%) with sufficient information for inclusion in our initial analyses were recruited.
The current analyses are based on 163 dentists (85% of the initial cohort) and 101 dental assistants (44% of the original cohort) for whom it was possible to obtain 5-HTTLPR genotyping. The institutional review boards of Battelle and the University of Washington approved the study protocol. All subjects gave written consent prior to participating in the study.
Data Collection
Neurobehavioral tests were conducted at a central location, but some participants were tested at their offices due to distance from our test facility or their convenience. Participating subjects took a breath alcohol test prior to additional testing, and provided a ∼50-ml spot urine sample for mercury analysis. Buccal cells were harvested from the inner cheek of each subject to provide DNA for genetic testing. Other test procedures included completing a computerized questionnaire (Neuroquest) and a computerized behavioral test battery, the Behavioral Evaluation for Epidemiologic Studies (BEES) (Echeverria et al., 2002) . In addition, various paper-and-pencil and stand-alone neurological tests were also administered. Evaluations of behavioral performance and mood scales will be reported in a companion article.
Neuroquest collects information on demographics and personal habits, use of vitamins and supplements, medical and pregnancy histories, work histories, a symptoms checklist (45 symptoms), and a computerized version of the Profile Of Mood States (McNair et al., 1971) to measure current mood. Medical conditions are grouped into categories including (1) physical injury, (2) major operations, (3) digestive problems, (4) circulation problems, (5) sensory problems, (6) kidney problems, (7) endocrine problems, (8) immune problems, (9) brainrelated problems, and (10) emotional problems. Yes/no information was collected on the presence of any condition, the presence of specific or "other" conditions, and the current use of medications for any of these conditions within each category.
Urinary Mercury Analyses
Analysis of total mercury in urine samples was performed using continuous-flow, cold-vapor spectrofluorometry, as previously described (Pingree et al., 2001) . Urine samples were analyzed in triplicate and the geometric mean of the three analyses was computed as the Hg concentration of the sample. Urinary Hg levels were calculated as micrograms per liter of urine.
5-HTTLPR Genotyping
Genotyping was performed by the Functional Genomics Laboratory of the Center for Ecogenetics and Environmental Health at the University of Washington. The procedure employed a polymerase chain reaction (PCR)-based assay to identify the "long" and "short" polymorphic alleles that are located in the promoter region of the 5-HTT gene, which consists of the insertion/deletion of 44 base pairs. The PCR primers were as follows: sense strand: 5′-ggCgTTgCCgCTCTgAATgC-3′ and antisense strand: 5′-gAgggACTgAgCTggACAACCAC-3′. The PCR products were resolved on an ethidium bromide-stained 3% agarose gel, sized using DNA molecular weight markers, visualized with ultraviolet (UV) light, and the alleles were identified as previously described Heyer et al., 2004) . 5-HTTLPR alleles were classified as long or "l" type if there were 16 sequence repetitions and as short or "s" type if there were only 14 repetitions. Samples were considered wild-type (in their natural form) if they had two "l" alleles (ll), heterozygous if they had one "l" and one "s" allele (ls), and "full mutation" if they contained two "s" alleles (ss).
Mercury Exposure Scores
Recent mercury exposure was calculated as the natural log of the spot concentration of mercury in urine measures as micrograms per liter. The log is generally considered to have a better linear association with toxic effects. Before conversion, the value 1 was added to each concentration so that a nondetectable urinary concentration of mercury would have the value of its natural log be zero, thus avoiding the analyses being overwhelmed by large differences in the value of the log for very small differences in urinary concentrations of less than 1 μg/L.
The chronic measure of mercury exposure is not based on the measured urinary levels, in part, to keep them from being too highly correlated. Historical mercury exposure for each selfreported job was calculated using the product of the reported average number of mercury amalgam fillings or removals performed weekly and the duration of the job. This product was then weighted by a time-period factor [1 ≥ 1992, 1.5 = 1985-1992, 1.75 ≥ 1972-1982, 2.0 ≤ 1970] based upon historically measured urinary mercury levels in dental populations. Each subject's chronic mercury exposure index was created by taking the square root of the sum the contributions of each of their self-reported dental jobs.
Symptoms Scores
Self-reported symptoms were obtained through a computerized symptom checklist of our design that is described elsewhere (Heyer et al., 2004) . This checklist distinguishes between current (today) and recent (over the past 3 mo) symptoms. Recent symptoms are further classified by their duration, allowing the definition of chronic symptoms. A total of 45 symptoms are included, but only 27 are used to define the current checklist, as they evaluate activities over time (e.g., "write notes to remind myself"). Current symptoms were scored for intensity (range 0-4), while recent symptoms were scored using the product of their intensity and frequency (0-20). Chronic symptoms were defined as those recent symptoms lasting at least 1 yr. Thus, chronic symptoms are statistically tied to recent symptoms, and should not be considered totally independent.
In order to reduce the number of symptom variables in these analyses, 12 a priori symptom groups were created, each assigned a score equal to the highest (maximum) individual symptom score within that group. This "maximum" score was used to avoid very high scores associated with subjects who 'globalized' their symptom reporting. In addition, three individual symptom questions were selected to use independently of their group because they seemed to capture the full concept of the symptom group (these included memory, confusion and depression). These are reported as their group name with "1 variable" attached. The 12 symptom groups are: memory, confusion, depression, anxiety, coordination, mood, headache, parasthesias, muscle symptoms, stomach symptoms, skin symptoms, and lung symptoms. Thus, in total 15 symptom outcomes, which are not necessarily statistically independent, were evaluated.
Analyses
Analyses were conducted on a restricted group of dentists and dental assistants because of an unbalanced distribution of the 5-HTTLPR polymorphism. Table 1 shows that among nonCaucasian members of our study population, there were no dentists designated as 5-HTTLPR wild-type (ll), and only one such designee was identified among dental assistants. Thus, nonCaucasian members of this cohort, including 6 males and 17 females, were excluded from the final analyses. Furthermore, among Caucasian members, there was a distinct difference in the percentages designated as wild-type (ll) and heterozygous (ls) between males and females. This difference, along with the differences in Hg 0 exposure levels, age structures, and symptom reporting profiles, prompted us to conduct separate analyses for males and females, as presented in Table 2 . Notably, racial/ethnic differences in the distribution of the 5-HTTLPR polymorphism were previously reported (Kunugi et al., 1997; Ishiguro et al., 1997) .
Cross-sectional analyses were conducted using SPSS (version 15.0 for Windows). A data file was constructed that contained all symptom scores, measures of exposure to elemental mercury (both current and chronic), the 5-HTTLPR genotyping results, and covariates. Potential covariates evaluated in the analyses included demographic, dietary, and medical history variables.
Final regression analyses included evaluation of both base and full models. The base model is comprised of age, ln urinary mercury concentration (HgU), the chronic mercury exposure index, and dummy variables for either the heterozygous (ls) and full mutation (ss) polymorphism of 5-HTTLPR. Subjects with wild-type (ll) polymorphisms had both dummy variables set to zero. The full model included all the variables listed in Table 2 and employed backward deletion using a conservative elimination p value of .2 (Budtz-Jorgensen et al., 2007) . Results are reported for both the "base" and "full" models, because our cross-sectional data made the causal inference for observed associations ambiguous, and it was apparent that self-reported medical histories could indicate either a causal factor for a symptom or a result of having that symptom. These measures therefore conferred an element of caution towards the potential for over-controlling in the analyses.
Results
The final cohort for this analysis comprised 157 Caucasian male dentists (DTs) and 84 Caucasian female dental assistants (DAs). This number of subjects is smaller than previously reported (Heyer et al., 2004) , reflecting primarily our ability to obtain confirmed 5-HTTLPR genotyping results for only 85% of the dentists and 44% of the dental assistants involved in that study, and our elimination of 23 non-Caucasian subjects (as discussed earlier; see Table  1 ). The smaller number of subjects most likely reduced our ability to observe statistically significant changes associated with exposure within the large personal variability found in most human populations. Comparing differences between our previously reported cohort (Heyer et al., 2004) and our current study cohort (by gender) shows no statistically significant differences in the means for age, vocabulary, income or urinary mercury levels. However, in the current study, mean urinary mercury levels were quantitatively higher for male dentists (+0.09 μg/L), and lower for female dental assistants (−0.22 μg/L). Table 2 shows the distributions among Caucasian subjects for exposures and covariates employed in this study. Dentists were significantly older than dental assistants, and had greater vocabularies (a measure of training and education). Dentists also drank and smoked more than dental assistants, although these measures showed only moderate use of these substances. In terms of medical histories, dentists were far more likely to have a history of cancer, and dental assistants were more likely to have immunological problems and to take allergy medications. While the correlation of average urinary mercury (HgU) concentrations between dentists and dental assistants from the same office was significant, dentists had significantly higher exposures to mercury as measured by both HgU and our chronic exposure index. These clear occupation/gender differences support our decision to analyze the two populations separately, rather than attempting to control for occupation/gender in the analysis. Table 3 shows the distributions of the symptom category scores among dentists (DTs) and dental assistants (DAs). Symptoms are reported both as the percent reporting any symptom and the average symptom score for each category. Dental assistants generally reported higher levels of symptoms than did dentists. In particular, dentists reported low symptom levels related to coordination and muscle (which are directly related to their jobs). High levels of anxiety and depression were reported for both dentists and dental assistants. Table 4 shows the outcomes of regression analyses modeling symptom scores for these categories. Because of the many possible outcomes, and to make the table easier to read, only those results with significance for either the base or full model at p < .05 are shown (other results are not listed or are shaded out). Interestingly, by comparing results from the base and full models, it is observed that the covariates evaluated had relatively limited impact on the associations between the recent or chronic indices of Hg 0 exposure or 5-HTTLPR polymorphism status and symptoms. In some cases the covariates tended to dilute significance, and in a few cases they increased significance, but the overall effect remains fairly stable across models.
Recent Mercury Exposure and Symptoms
Among dentists (DTs), recent mercury exposure, as measured by urinary mercury concentration, was significantly associated with six symptom categories: three for symptoms experienced "today," one for "recent" symptoms, and two for "chronic" symptoms (Table 4) . However, all but one of these associations showed symptoms decreasing with increasing Hg 0 exposure. The one positive association between symptoms and exposure was with the symptom category "anxiety today," which was significant only when the covariates were introduced.
Among dental assistants (DAs), there were again six symptom categories that were associated with recent mercury exposure. Four of these associations were positive, including two measures for "confusion today," one for "recent headache," and one for "chronic headache" (these latter two are closely correlated). The two negative associations included measures of "chronic confusion." There was little concordance with any of the findings among dentists. The associations for "confusion today" in dental assistants were matched to significant finding in the opposite direction for dentists, while the associations with "chronic confusion" were negative in both groups.
Chronic Mercury Exposure and Symptoms
As shown in Table 4 , there were only two observed significant associations between the chronic mercury index and symptoms, both among dentists. One symptom, "anxiety today," was positive, while the other, "chronic skin symptoms," was negative.
Heterozygous Form of the 5-HTTLPR Polymorphism (ls) and Symptoms
The two significant associations between the heterozygous form of 5-HTTLPR polymorphism and symptoms were both negative. These were for "anxiety today" and "lung symptoms today" among dentists.
Full Mutation Form of the 5-HTTLPR Polymorphism (ss) and Symptoms
Among dentists, there were seven observed associations between the full mutation form of 5-HTTLPR polymorphism (ss) and symptoms, all positive. Five were with "recent" symptoms, and two were with "chronic" symptoms. The "recent" symptoms included two measures of depression, anxiety, memory, and moodiness. One of the depression measures was near significance in the base model and reached significance in the full model, while the anxiety measure was significant in the base model, but lost significance in the full model. The other three were significant in both models. The "chronic" symptoms included memory and headache, with headache reaching significance only in the full model. Among dental assistants, there were nine observed associations between the mutation form of 5-HTTLPR polymorphism and symptoms, all positive. Four were with "recent" symptoms and five were with "chronic" symptoms. The "recent" symptoms included measures of depression, anxiety, memory and skin symptoms, with memory only reaching significance in the base model. The "chronic" symptoms included two measures of depression, anxiety, memory, and skin, with anxiety and memory only reaching significance in the base model.
There was considerable concordance between dentists and dental assistants, with both occupational/gender groups having significant associations with symptoms of depression, anxiety, and memory in both the "recent" and "chronic" symptom categories. The dental assistants also had significant associations with symptoms of the skin for both the "recent" and "chronic" symptom categories.
Interactions Between Mercury Exposure and 5-HTTPLR Polymorphism
No significant interactions between mercury exposure and the 5-HTTPLR polymorphism were found for any category of symptom evaluated. Notably, within the "today" category, "anxiety" was positively associated with the chronic mercury index, but negatively associated with the heterozygous form of the 5-HTTLPR polymorphism. Not surprisingly, evaluation of multiplicative interaction terms showed no significance.
Discussion
This study found no consistent associations between indices of Hg 0 exposure and self-reported symptoms among male or female dental professionals with prolonged low-level occupational exposure to dental amalgam mercury. These findings are in contrast to those previously reported (Heyer et al., 2004) wherein numerous associations were observed between both recent and chronic Hg 0 exposure indices and all categories of symptoms among both dentists (males) and dental assistants (females), principally among the latter. While the present findings replicate previously observed associations between recent mercury exposure and confusion today among dental assistants and between the chronic index of mercury exposure and anxiety today among dentists from our previous analyses, they do not replicate associations between chronic exposure index and "recent" symptoms among dental assistants.
These results demonstrate the difficulties in reproducing behavioral or symptomatic results for very low exposures among different populations and with changing explanatory variables. The inclusion of the 5-HTTLPR polymorphism in the analyses may have affected the current results, although its correlations with exposure were low. The correlations with the homozygous mutant (ss) polymorphism were −.069 (p = .392) for dentists and .131 (p = .239) for dental assistants. The correlations with the heterozygous (ls) polymorphism were somewhat higher at −.106 (p = .185) and −.197 (p = .075), respectively. However, the more likely explanation for this outcome is the smaller size of the current study cohort, which reduced our ability to explain the natural variance within the population. Another consideration is the exclusion of non-Caucasian members of the overall cohort from the present analysis, inclusion of which may have influenced the previous results.
Notably, however, consistent and significant associations were observed between increased symptoms and the 5-HTTLPR polymorphism involving two copies of the short or "s" allele (full mutation, ss), but not with that involving only one copy (heterozygous, ls). These findings are consistent with others also reporting significant differences between the double "s" allele vs. the combined heterozygous and wildtype variants of the 5-HTTLPR polymorphism and with effects prominently observed among women (Melke et al., 2001; Munafo et al., 2005) . Symptoms associated with the full mutant 5-HTTLPR polymorphism in the present study, especially depression and anxiety, are consistent with the types of associations reported in the literature. Previous studies linked the presence of this polymorphism with anxiety, depression, neuroticism, affective disorders, and suicidal behavior (Lesch et al., 1996; Greenberg et al., 2000; Hoefgen et al., 2005; Du et al., 2000) . While there have also been many negative studies, several meta-analyses have supported these findings (Schinka et al., 2004; Munafo et al., 2005) .
The present findings are of interest in terms of further defining individual sensitivity to Hg 0 neurotoxicity in humans as well as in identifying future research needs. The present results add to evidence from previous studies demonstrating increased sensitivity to Hg 0 associated with other genetic polymorphisms that selectively impair neurobehavioral functions that are known to be concomitantly affected by Hg 0 exposure. While the present findings do not demonstrate additive effects of the 5-HTTLPR polymorphism and Hg 0 on the specific outcome measures evaluated here, it is reasonable to assume that such effects would be observed in relation to broader measures of mood and behavior, as previously reported. Further studies of the effects of the 5-HTTLPR polymorphism in association with Hg 0 exposure on a wide spectrum of neurobehavioral parameters, as evaluated by the BEES test battery (Echeverria et al., 2002) , within the present occupationally exposed dental population are in progress. Of additional importance is the assessment the effects of the 5-HTTLPR and other polymorphisms on sensitivity to Hg 0 toxicity in children, perhaps the most susceptible segment of the human population. Notably, evidence for a role of 5-HTT in the integration of synaptic connections in the mammalian brain during development (Lesch & Mossner, 1998) suggests that children with the 5-HTTLPR polymorphism and concomitant Hg 0 exposure may be at particular risk. Ongoing studies will evaluate this possibility by performing genotyping assays for the 5-HTTLPR polymorphism on DNA acquired from children and determining the potential effects of 5-HTTLPR on Hg-mediated neurological and neurobehavioral effects.
In conclusion, the Neuroquest computerized self-reported symptom severity checklist employed in this study was shown to be sensitive to 5-HTTLPR polymorphism status and disclosed consistent associations between the mutant form of this polymorphism and symptoms of depression, anxiety, and memory for both male and female subjects. This finding is consistent with those of other studies both with respect to the type of symptoms and with the homozygous mutant form (with two copies of the "s" allele) driving the associations. In contrast to previous findings, no consistent associations were observed between either recent or chronic indices of Hg 0 exposure in the present study, nor were any significant interactions between 5-HTTPLR status and Hg 0 exposure observed. However, this study demonstrates that this common polymorphism influences the reporting of symptoms and should be considered when conducting studies using symptoms as outcomes. Distribution of Symptom Outcomes .
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Note. Only gender-specific categories with significant associations in either the "Base" or "Full" models are shown.
Boldface numbers indicate significant (p < .05); italicized numbers indicate not significant (p > .05; shown for comparison between base and full models). Numbers in parentheses indicate a negative association (reduced symptoms associated with exposure).
